Abstract
Introduction
Physical activity (PA), at all ages, is positively associated with many health benefits [1] [2] [3] . Regular PA in childhood promotes a healthy lifestyle throughout adulthood [4] . Epidemiological studies report a decline in PA with increasing age, with girls being less physically active than boys [1, [5] [6] [7] . These findings manifest as early as primary school [8] . Public health recommendations for children include at least 60 min of moderate-to-vigorous physical activity (MVPA) daily, yet less than 50% of European children and adolescents adhere to this advice [6, 7, 9] . Norwegian children have, however, displayed higher PA levels compared with other countries, and higher socioeconomic status (SES) may be a contributing factor [7] . The existence of variations across nations stresses the need for accurate studies exploring PA trends among multiple demographic groups [10] .
In the last 20 years, accelerometers have become viable tools for collecting accurate, objectively measured data comparable across countries and time [11] . They provide both the amount of time spent doing PA, and intensity of PA sessions [12] .
Primary studies in Norway employing objectively assessed PA often study specific age groups as opposed to age ranges. The Active Smarter Kids (ASK) study investigated PA levels among Norwegian fifth-graders aged 10 years in 2014-2015 [13] . Both the European Youth Heart Study from 2004 and a study conducted by Kolle et al. in 2005 Kolle et al. in -2006 investigated 9 and 15-year-old children [14, 15] . There are no studies investigating all age groups among primary school children and thus providing material for tracking PA trends and patterns. Regular follow-up of a population's PA levels is important at all ages, as long-term effects of low activity levels may greatly impact physical and medical factors.
The objective of the current study was to investigate MVPA levels of schoolchildren 6-12 years old. Effect based on age, sex, seasonal variations and SES has been analysed. The findings provide a baseline for furthering the research within the Health Oriented Pedagogical Project (HOPP).
Methods
To assess baseline findings (2015) of HOPP, a crosssectional design has been used for this study. While a detailed description of HOPP has previously been published, a brief summary has been included below [16] .
Design and sample
The HOPP study is a longitudinal large-scale cohort with seven primary schools in the intervention group and two control schools [16] . This represents a total population of 2817 children, and an age range of 6-12 years at baseline. All children of Horten municipality, Norway, were invited to participate. The control schools in Akershus County (Eiksmarka and Rasta primary schools) were included based on socioeconomic levels comparable to the intervention schools using a centralised Norwegian programme for systematic quality work in schools and kindergartens (Conexus Insight, formerly PULS) [17] . The total HOPP baseline population after recruitment was 2297 children (82% of the HOPP sample).
Information and recruitment
Written information, informed consent forms, pamphlets, social media interaction, and a website with information about HOPP were provided to parents by Horten municipality in 2014.
Anthropometric measures and hand grip
Height was measured without shoes using a seca 213 stadiometer (seca gmbH, germany) to the nearest 0.5 cm [18] . A tape measure was used to measure waist circumference to the nearest 0.5 cm at full expiration at the level of the umbilicus. A Tanita MC-980MA electronic scale (Tokyo, Japan) measured weight (kg) [19] . Measurements were completed barefoot, in light clothing, and 0.4 kg was subtracted from the result to compensate for the weight of the clothes.
Objective assessment of PA level
Accelerometers (Actigraph wgT3X-BT, Actigraph LLC, Pensacola, FL, USA) were used to measure PA. Participants were instructed to attach the device to the right side of their hip with an elastic band for seven consecutive days, at all hours, unless injured, ill, showering, swimming, or absent from school on the day of testing.
Sampling frequency was set to 100 Hz at 10 s epochs. A minimum of 8 hrs/day for one day of registered activity was required for data analysis. Nonwear time was excluded using the Troiano technique with 60 min of consequtive zeroes and a tolerance of 2 min of activity [20] . Valid hours were defined as 06:00-23:59 in ActiLife 6 (Actigraph LLC, Pensacola, Florida, USA). Categorical division of PA levels was based on mean counts per minute (cpm) as sedentary (0-99 cpm), light (100-1999 cpm), moderate (2000-4999 cpm), and vigorous (≥ 5000 cpm), and the number of minutes in each intensity domain was recorded [20] . MVPA was calculated by summing minutes in moderate and vigorous intensity domains divided by number of valid days.
Parental education and seasonal variations
Parental education level was collected using questionnaires and divided into primary school, high school, bachelor's degree and master's/PhD degree.
Seasonal variation was defined by the month of testing. With no specific weather data, explorative analyses were used to reveal significant differences based on which month each school was tested. Schools 1-4 were tested in January up to and including March, and schools 5-9 in April up to and including September 2015.
Outcome measures
The major outcome measure is objectively measured PA levels with descriptives on anthropometric measures (waist circumference, weight, height), and seasonal variations.
Statistics
Data analyses were performed using SPSS Statistics v24 (SPSS inc., Chicago, Illinois, USA). All children with valid MVPA data, age, and sex were included in parametric t-tests. Means, standard deviations, 95% confidence intervals (95% CI) and percentage of sample who on average achieved ≥ 60 min/day MVPA are reported. Differences by half-year age divisions, sex, and parental education levels were tested for between-group differences. A linear regression analysis investigated the relationship of the moderators age, sex, body mass index (BMI), waist circumference, and parental education on MVPA (standardised (β), and unstandardised regression coefficients (B)). The regression analysis was limited by proportion of sample with data on parental education levels. A p-value ≤ .05 is considered statistically significant. 
Ethical considerations

Results
Sample size
Children with valid accelerometer measurements numbered 2123, representing a participation rate of 75.4%. Children not present on the day of testing or without written consent from their parents/guardians were excluded from data collection. All participants were aged 6-12 years, evenly distributed by gender and lowest sample sizes among the 6-and 12-year-olds. There were no significant differences between boys and girls (p < .05) for any of the anthropometric measurements (Table I ). Only about two-thirds of the parents reported their education level, among whom only fathers showed significant differences (p < .05).
Physical activity level
Average MVPA for the whole population was 90.7 min/day (95% CI: 89.5-91.9), and 86.5% were in MVPA at least 60 min/day (Table I) . Boys (95.8 min/ day, 95% CI: 94.1-97.5) were significantly (p < .0001) more active than girls (85.6 min/day, 95% CI: 83.9-87.2), spending 11.9% more of the included hours (06:00-23:59) in MVPA. Average wear-time was 13.8 hrs/day for an average of seven days, ranging from 1-10 days (15.8% at 8-10 days due to delays in re-collection); 4.5% of the sample had less than five valid days.
A linear regression analysis shows that time spent in MVPA correlated inversely with age, declining by 3.5 min/day (p < .0001) per year of age (Table I) . Correcting for age, BMI, waist circumference, parental education levels, and seasonal variations, boys were on average 8.9 min more physically active than girls across all age groups (p < .0001). Significant differences were additionally found between the 8½-, 9½-, and 10-year-olds in an ANOVA. A seasonal difference of 20 min between winter and summer was also found (p < .0001). Age, gender, BMI, waist circumference, parental education level, and seasonal variations account for 17.6% of the variance (R 2 ) in average MVPA.
Age and gender differences
Significant differences (p < .0001) were found in MVPA between different ages using ANOVA. Post hoc analysis (Bonferroni) showed significant differences between age groups 6½-9 years and 10-12 years (p < .05), with no significant differences within these two ranges. A dichotomised ANOVA and post hoc analysis by gender revealed that significant differences in boys were present when comparing 6½-7-year-olds against 11-12-year-olds (p < .05). For girls, the differences were in general between 6 ½-8 year-olds and 9 ½-12-year-olds (p < 0.05).
Parental education level
Though no effect was found for parental education level on minutes in MVPA in the linear regression analysis, a slight positive relationship with increasing education level was found among girls ( Figure 1 ). Children of both genders with no reported parental education level logged significantly fewer minutes in MVPA than children of parents with either a bachelor's or master's or higher degree in an ANOVA (p < .05). Significant differences were most prominent among girls for whom MVPA/day was highest when either parent had a master's degree or higher (p < .05). Small sample sizes at primary school education level (men: n = 42; women: n = 31) resulted in a large standard deviation at this education level. Results for this subgroup are therefore less reliable.
Discussion
General findings
The present study found that average MVPA per day steadily declined with increasing age among Norwegian children aged 6-12 years old. Moreover, boys were more physically active than girls at all ages ( Figure 1 ). Average minutes per day of MVPA were over the recommended 60 min in all age groups. Though most children were adequately physically active, the steady decline in activity suggests that the negative development may continue into adolescence and adulthood, resulting in a decreasing proportion of the population achieving the PA recommendations. This trend is in accordance with earlier studies from both Norway [13, 15] and globally [7, 10, 21, 22] . The results substantiate the importance of promoting at least moderate physical activity at an early age to forestall the increased risk of lifestyle diseases linked to low PA levels and high sedentary behaviour.
Study comparisons
An important finding of the HOPP study is the decline in average MVPA/day, likely to have already started at 6-7 years of age. In the recent ASK study (2014), 66% of the sample achieved the PA guidelines, lower than the sample from HOPP by 20.5% [1] . The earlier Norwegian UngKan-2 study (2011) found that about 91% of 6-year-olds and 78% of 9-year-olds met the recommendations, corresponding to a decline in activity levels with increasing age. [23] .The ASK study furthermore observed a decrease in MVPA/day by 9.2 min (SD = 23.2) in a class of 10-year-olds at a seven-month interval [13] . This decline is steeper than what was found in the HOPP study. A possible explanation for this disparity is demographic differences (western vs eastern Norway), highlighting regional variations. The higher proportion in the ASK sample with 'low' education levels (44.3%) compared with HOPP (19.3%) could be part of the cause if MVPA does increase with increasing parental education levels ( Figure 2 ). [24] . Turrell et al. found that those with low SES were often underrepresented in health surveys, attributing the cause to language barriers, apparent cognitive disorders, and unavailability [25] .
Sex differences found in the present study are consistent with previous results both in Norway and globally [13, 14, 21] . Although relative differences suggest girls are less physically active than boys, absolute average activity levels are high for both sexes. Based on dichotomised analyses by gender, lifestyle interventions may be more effective on primary school children if targeted at two groups of children: younger (6-8 years) and older (9-12 years). Earlier research may support this age separation [5] .
Few previous studies have collected similarly comprehensive and coherent data from a single population's PA levels based on accelerometer data and from such a large age range of children. Most studies include specific ages with smaller sample sizes [13, 15, 26] . Currently, one of the largest projects collecting accelerometer data is the International Children's Accelerometry Database (ICAD), where a heterogeneous database is collated from multiple independent studies [27] . While total sample size and age range increase, stratified analyses suffer from lower sample sizes and varying methodologies in data collection [28] . Moreover, data for Norway cannot be considered current (1999/2000) [29] . Regardless, it is noteworthy that ICAD results for Norway show an average MVPA/day of 45 min (SD = 27) among 9-10-year-olds [29] . Only about one-third of the boys and one-tenth of the girls were at least moderately active for ≥ 60 min/day [21] . This suggests that PA levels at this age range have almost doubled since 1999 when comparing these results to the present HOPP study. Direct comparisons are unfortunately dubious at best due to differing methods and models of accelerometers.
The Physical Activity Among Norwegian Children Study (PANCS) found that the average MVPA per day among 6-and 9-year-olds was 81 min and 73 min respectively for girls and 100 min and 92 min for boys [30] . These results average to exactly the same number of minutes for boys and are about 8 min lower for girls compared with HOPP. PANCS was conducted in 2005-2006 and 2011-2012 . This comparison could mean that there has been little change in PA levels among children, or even that PA has increased, considering the higher average age of the HOPP sample. A direct comparison of the two age groups from PANCS reveals a 9.0 min and 8.2 min higher MVPA/day among the 6-and 9-year-old HOPP participants, respectively. While the average decrease in PANCS participants was 9.2% from 6 to 9 years old, the average decrease among HOPP participants was 9.1%. This implies a comparable agerelated change between the study populations, despite a higher average MVPA/day in the HOPP sample. Socioeconomic differences may be an explanatory factor for the between-study variations. It should be interesting to see the follow-up study UngKan3 (2017-2018) to investigate secular trends among Norwegian children.
Internationally, data from ICAD (2012) report that adult men accumulate about 35.5 min/day MVPA, and women about 32.0 min/day [7] . Belgium, Brazil, and the United States of America have a mean MVPA/day of about 65.0 min among young people (4-18 years). Among high-income countries it varies from 49.8-70.8 min/day for 9-11-year-olds [31] . The gateshead Millennium Cohort Study (gMS) from England mirrors both the age and gender patterns found in HOPP with MVPA/day declining by 15.2 min in a five-year cohort of 7-year-olds [22] . A study by Andersen et al. (2017) of pre-schoolers found that average time in MVPA/day was 58 min, lower than the HOPP 6-7 year-olds. Varying methodologies between these studies must be taken into account, including cpm cut-off points, methods for excluding non-wear time, criteria for valid measurements, and testing procedures/instructions. Despite this, these studies, together with HOPP, paint a picture of declining activity levels during primary school and most likely into adulthood, concluding in MVPA levels below recommendations as adults.
Seasonal variations
Seven-day measurements are limited in their representability of annual PA levels. The larger sample size may attenuate random deviations in within-individual PA levels but may still be affected by confounding factors. Weather conditions, day length, and temperature are likely examples of these factors [32] . Measurements were made over a 9-month period from January toSeptember 2015, leaving room for large seasonal variations. Kolle et al. [33] found that children in Norway were less physically active in the winter months than in spring and autumn. The premise for the winter-summer division in the regression analysis is the results shown in Figure 3 . Schools 1-4, which were tested January up to and including March, were clearly less physically active than schools 5-9, which were tested April upto and including September 2015. These findings suggest that further studies of PA levels should adjust for seasonal variations, especially when comparing across studies.
Parental education level
Comparisons with parental education levels reveal significant effects on girls' MVPA/day, increasing with higher education levels. Moderate or high intensity PA is inversely associated with cardiometabolic risk factors (BMI, waist circumference, systolic blood pressure, and fasting blood samples) and positively associated with cardiorespiratory fitness [13, 34] . As time at low PA levels may not have these associations, this study focused on MVPA. Considering the welldocumented dose-response relationships between MVPA and health risk factors such as obesity, cardiometabolic diseases, and all-cause mortality, these differences by education level will most likely amount to substantial health inequalities in adulthood stratified by SES and sex [21, 29, 35] . Free access to education and health services, a reliable security network, stable trust in the Norwegian government, and unions that adequately regulate work conditions and wages mean that income levels and occupation have relatively little impact on quality of life [36] . Education level can therefore be considered representative of SES for our study.
Economic impact
Health factors aside, reducing physical inactivity comes with significant economic gains. A recent report from the Norwegian Directorate of Health (2014) cited a potential socioeconomic gain per inactive child under 10 years old of 0.1 quality-adjusted life years (QALY) per year if they became physically active [37] . QALYs account for factors such as quality of life, potential productivity, and lifespan, and are commonly expressed in terms of economic worth. In 2014 one QALY equalled 588,000 NOK [38] . It follows that the 13.5% of the HOPP sample who did not meet the recommended PA guidelines represents a loss in potential economic worth of 16.9m NOK/ year. Nationally, based on the population of 6-12-year-olds in 2015, and if the percentage of physically inactive children is nationally representative, a net gain of 3.4b NOK, or 1.4% of the national gDP per annum, could be realised from a PA intervention for this age group alone [39] . Conversely, high-income countries bear the majority of the global economic burden of health-care costs due to physical inactivity [40] . A study by Ding et al. calculated that about 0.53% of Norway's total health-care costs were spent on direct consequences of inactivity (coronary heart disease, type 2 diabetes, breast cancer, colon cancer, and stroke) [40] . These figures illustrate the potential socioeconomic impact every measure taken against physical inactivity could have.
Strengths
Major strengths of this study include the large sample size evenly distributed by age and gender, the objective measurement of PA levels using accelerometers, and a high participation rate. Stratified analyses by age and sex retained large sample sizes when examining effects of moderators on MVPA levels. Additionally, the objectively measured time in MVPA in short epochs of only 10 s reduced the possibility of misclassification of activity levels. The use of the same model of accelerometers (Actigraph gT3X-BT) with the same settings (epoch length, cpm cut-off points, valid hours, and exclusion of non-wear time) avoided major issues with comparisons across studies [41] . grydeland et al. [41] found intensity-dependent inter-generation variabilities when comparing multiple models of Actigraph accelerometers of 3.5-9.3 % at MVPA levels. This could mean significant differences when assessing percentages of children who have achieved PA requirements, especially where averages are close to the recommendations.
Limitations
As energy expenditure (force) is dependent on mass -that is, lighter objects require less energy per unit of acceleration -body size may affect comparisons, especially across different age groups. Higher mass means more energy expended per minute in MVPA. An increased pendulum length due to growing height with age will also lower acceleration. Part of the decline in activity level with increasing age should therefore be considered in light of these limitations. Regardless, a strong correlation of r = 0.85 (p < .0001) between age and height should mean that age equally adjusts for variations owing to height in the linear regression model (Table II) . Accelerometers are generally good estimators of energy expenditure for most activities, especially walking and running, though less so for upper-body movements and cycling [12] . As most daily activities consist of locomotor movements, these limitations are likely to be limited in their impact on the results.
The HOPP findings may be limited in scope to eastern Norway. PA levels can be considered behavioural data and are therefore easily influenced by environmental factors, including SES. The general PA patterns by age, sex, parental education levels, and seasonal variations are more likely to be generalisable to the rest of Norway considering relatively few cultural differences. There may, however, be regional differences in the specific minutes spent at various PA levels.
Further research
Future studies need to cover other geographic areas while also documenting other factors influencing PA levels in the children's environment. Findings from HOPP may be uniquely applicable to Norway as one of the countries with the highest activity levels globally [21] . Differing cut-off points for cpm limits comparability across studies, and subsequent researchers are encouraged to employ the same accelerometer protocols as HOPP [41, 42] . The studies would furthermore make it possible to analyse the impact of access to infrastructure, public transportation, urban lifestyles, sports participation, and so forth. [43] .
A further point of interest is that an explorative analysis between parental education levels and children's PA levels reveals that paternal, not maternal, education may correlate most strongly with children's activity levels. While more mothers responded, it may be that in Norway, paternal education level is a better indicator for PA levels, thus also disease risk factors. This may be an important point of note for future research as it is contrary to common practice in most countries in assessing parental SES and child health [43] .
Conclusions
In conclusion, MVPA levels have already started declining by 6-7 years of age, a trend which most likely continues into adolescence and adulthood, dropping below recommended activity levels. While the majority of primary school children are adequately physically active, girls and children of parents with lower education levels are more likely to be in danger of developing cardiometabolic diseases. Interventions to improve PA and cardiovascular fitness among 6-12 year-olds could net Norway an economic gain of NOK 3.4 billion.
Results from the large sample in HOPP stress the need for targeted early interventions based on age group, sex, paternal education level, and demographic region to efficiently attenuate the adverse development towards increased inactivity.
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